In 1 previous study, it was shown that neighborhood socioeconomic disadvantage is associated with cognitive decline among Latinos. No studies have explored whether and to what extent individual-level socioeconomic factors account for the relation between neighborhood disadvantage and cognitive decline. The purpose of the present study was to assess the influence of neighborhood socioeconomic position (SEP) on cognitive decline and examine how individual-level SEP factors (educational level, annual income, and occupation) influenced neighborhood associations over the course of 10 years. Participants (n ¼ 1,789) were community-dwelling older Mexican Americans from the Sacramento Area Latino Study on Aging. Neighborhood SEP was derived by linking the participant's individual data to the 2000 decennial census. The authors assessed cognitive function with the Modified Mini-Mental State Examination. Analyses used 3-level hierarchical linear mixed models of time within individuals within neighborhoods. After adjustment for individual-level sociodemographic characteristics, higher neighborhood SEP was significantly associated with cognitive function (b ¼ À0.033; P < 0.05) and rates of decline (b ¼ À0.0009; P < 0.10). After adjustment for individual educational level, neighborhood SEP remained associated with baseline cognition but not with rates of decline. Differences in individual educational levels explained most of the intra-and interneighborhood variance. These results suggest that the effect of neighborhood SEP on cognitive decline among Latinos is primarily accounted for by education.
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There is a wealth of data supporting a relation between neighborhood context and health (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Several studies have suggested that adverse neighborhood characteristics are associated with poorer cognitive functioning in older adults (10) (11) (12) (13) . The majority of these studies have been cross-sectional, making it difficult to evaluate whether these neighborhood characteristics are predictive of cognitive decline over time (13) . Moreover, only a few studies have examined the influence of neighborhood socioeconomic position (SEP) on cognitive health outcomes within minority populations (10, 13) .
Characteristics of the neighborhood that may influence cognition include neighborhood educational attainment, annual income, and employment (10, 11, 13) . For Latinos in particular, the socioeconomic conditions of the neighborhood may play an important role in cognitive function. For example, cognitive impairment among Mexican Americans has been documented to be nearly 3 times higher in individuals living in barrios (predominately Latino neighborhoods characterized by lower household income) than in individuals living in higher-income areas (10) . Although most existing literature has been limited to documenting the cross-sectional contextual effect of neighborhood on cognitive function (10) (11) (12) , one multilevel longitudinal investigation examined the relation between neighborhood context and cognitive decline in a Latino population (13) . This prospective study found that after accounting for individuallevel education, income, and occupation, neighborhood economic disadvantage was associated with an increased rate of cognitive decline among older Mexican Americans (13) . Therefore, older people may be sensitive to the socioeconomic conditions of the neighborhood in which they live, independent of their individual-level SEP.
The purpose of the present study was to prospectively examine the relations between neighborhood SEP and trajectories of cognitive decline in a large cohort of older Mexican Americans over a 10-year period. Because the influence of neighborhoods on cognition must be partially mediated through individual-level mechanisms (4) and because previous investigations (13) did not attempt to determine which individual-level dimensions (e.g., socioeconomic or demographic variables) are most important to the observed variance in cognitive health within and between neighborhoods, our study additionally aimed to assess the impact of individuallevel factors in the relations between neighborhood SEP and cognitive function.
MATERIALS AND METHODS

Study population
Participants were from the Sacramento Area Latino Study on Aging. The Sacramento Area Latino Study on Aging is an ongoing longitudinal cohort study of 1,789 communitydwelling older Mexican Americans (aged 60-101 years at baseline in 1998-1999) residing in California's Sacramento Valley. Participants were reassessed at their homes every 12-15 months through 2008, for a total of 7 follow-up examinations. The majority of the participants were selfdesignated Latinos who were born in either Mexico (51%) or the United States (49%). Details of the Sacramento Area Latino Study on Aging design have been published elsewhere (14) . The study was approved by the institutional review boards of the University of Michigan and the University of California, Davis. The average annual attrition rate was 5% through 2008. Slightly less than half of loss to follow-up was due to death (49.5%), and the remaining loss to follow-up was due to dropout.
Measures
Three levels of data were merged for these longitudinal multilevel analyses. Time (from 1998 to 2008) was nested within individuals, data for whom were nested within neighborhoods.
Individual-level data. Participants were annually screened for global cognitive functioning with the Modified MiniMental State Examination (3MSE), a measure of global cognitive function, and were given scores ranging from 0 to 100. In addition to being validated and field-tested in English and Spanish, the 3MSE shows better sensitivity and specificity and fewer ceiling effects when detecting cognitive impairment and has excellent test-retest properties compared with the Mini-Mental State Examination (15, 16) . In the present analysis, we used 3MSE errors (calculated as 101 À 3MSE score) that were then log-transformed to normalize the distribution. Higher scores denoted more cognitive errors. Several individual-level SEP factors were measured during baseline participant interviews, including educational level (number of years completed); gross pastmonth household income, categorized into low (<$1,000), medium (!$1,000-<$2,500), and high (!$2,500) groups; and usual occupation across the life course, categorized as nonmanual, manual, or other, which included housewives and the unemployed. Nativity was assessed as self-reported country of birth (Mexico or the United States). Clinical data, including glucose levels from fasting blood samples, were measured at each home visit. Diabetes was ascertained as a self-report of a diagnosis by a physician, use of diabetes medication, and/or a fasting glucose level of 126 mg/dL or higher (17) . A stroke event was ascertained by self-report of a diagnosis by a physician, including hospitalization for stroke. Depressive symptoms were assessed using the 20-item version of the Center for Epidemiologic Studies Depression Scale, with scores ranging from 0 to 60.
Neighborhood-level data. We operationalized neighborhoods as census tracts, in line with what was done in prior studies (11, 13, 18) . Participants' baseline addresses were geocoded to a 2000 US Census tract. Participant data were then linked to the census data. We utilized factor analysis to construct a neighborhood SEP score using procedures described previously for neighborhood SEP (19) . The factor analysis was performed with census tract-level socioeconomic variables using PROC FACTOR in SAS (20) with a promax rotation. Neighborhood characteristics that showed a loading greater than 0.4 in either a positive or negative direction were used in our neighborhood SEP variable. The selected variables were z scores standardized for scale consistency, reverse coded if needed, and summed to create a neighborhood SEP score with a mean of 22.4 (standard deviation, 4.8; range, 0-30.6). On the basis of the factor loading cutoff, 6 variables were included: percentage of individuals 25 years of age or older without a high school diploma, percentage of population living below the poverty line, percentage of individuals 16 years of age or older who at one time had been in the work force and who were unemployed, percentage of households that owned their home, percentage of housing units that were vacant, and median number of rooms in the household. Higher scores indicated higher/better neighborhood SEP. For bivariate analyses, neighborhood SEP across the census tracts was classified into tertiles based on the neighborhood SEP distribution.
Statistical analyses
Analysis of variation tests and linear regression analyses were used to estimate bivariate associations between individual-level and neighborhood-level characteristics (Table  1) . Hierarchical linear mixed models were used to estimate the associations between neighborhood SEP and changes in cognitive function over the 10-year period (21) to model change over time with unbalanced correlated data ( Table 2) . The data structure included data from baseline and 6 follow-up time points (level 1) nested within 1,789 individuals (level 2), nested within 259 neighborhoods (level 3). With the participants' cognitive scores (logged errors) as the outcome, level 1 modeled the cognitive scores as a function of time. Time was operationalized as age at follow-up and grand-mean-centered. The association between the cognitive scores and age at follow-up followed a quadratic function, and thus a squared term for age at follow-up was included in level 1. Level 2 modeled individual-level sociodemographic and SEP factors and baseline health-related risk factors, and level 3 modeled neighborhood SEP. The present analysis used random slope regressions in which initial cognitive function and linear rate of cognitive decline were specified as random effects at both levels 2 and 3.
These multilevel regression models allowed the estimation of 1) whether there was significant variance between neighborhoods and within neighborhoods between people with regard to the cognitive outcome, 2) the main effect of neighborhood SEP on cognitive function, conditional on individual-level sociodemographic SEP characteristics and health-related risk factors accounting for several levels of clustered data, and 3) the extent to which the compositional SEP characteristics of the neighborhoods account for the variation within and between neighborhoods. First, a naive model was created that included age at follow-up A decrease in deviance (À2 3 log likelihood) was used to assess model goodness of fit (22) . We fitted restricted maximum likelihood estimation models with robust standard errors from 2-sided significance tests. The addition of covariates to a model allowed the calculation of the percent change in variance that was explained by the included covariates. Percent change in variance was calculated as the difference in the variance parameters between the full model and the base model divided by the variance parameters of the base model, multiplied by 100. We calculated the percent change in variance for both the intercept and slope variance parameters for both the within-neighborhood/ between-individual variance (level 2) and the betweenneighborhood variance (level 3). All analyses were performed using HLM, version 6.0.6 (23), and SAS, version 9.2 (20) . Table 1 presents baseline individual and neighborhood characteristics of the study population. The mean age at enrollment was 70.7 years. The majority of the participants were women, and 58.9% were married. Approximately 49% of the participants were people of Mexican heritage who were born in the United States. Participants had a mean of 7 years of education. Approximately 45% of the participants reported having a low past-month household income, and 60% of the participants reported a manual occupation as their lifetime job. Approximately one-third of the participants had a baseline diagnosis of type 2 diabetes mellitus and 9.4% reported having a history of stroke. At baseline, participants reported a mean depressive symptoms score of 10.0. Slightly more than one-half of the participants (54.3%) resided in areas with a low neighborhood SEP. Participants who were older, female, and born in Mexico had significantly more cognitive errors at baseline. Having a lower educational level, household income, or skilled occupation was significantly associated with more cognitive errors. Participants with more depressive symptoms, type 2 diabetes mellitus, or stroke at baseline had significantly more cognitive errors. Table 2 presents the results of linear growth curve models of the associations between neighborhood SEP and cognitive decline. In model 2, residents of areas with higher neighborhood SEPs had fewer baseline cognitive errors (b ¼ À0.039; P < 0.05) and slower rates of decline (b ¼ À0.001; P < 0.05) than did residents of areas with lower neighborhood SEPs. In other words, a 1-standarddeviation increase in neighborhood SEP was associated with 6 fewer points in cognitive decline on the 3MSE over 10 years. After adjustment for individual-level sociodemographic characteristics in model 3, neighborhood SEP remained predictive of both baseline cognitive function and rates of decline. After adjustment for individual educational level in model 4, higher neighborhood SEP remained associated with fewer baseline cognitive errors (b ¼ À0.013; P < 0.05) but was no longer associated with rates of decline. A 5-year increase in educational level was associated with 9 fewer errors on baseline 3MSE. After adjustment for individual past-month household income in model 5, living in an area with a higher neighborhood SEP remained associated with fewer cognitive errors (b ¼ À0.018; P < 0.05) and slower rates of decline (b ¼ À0.0008; P < 0.10). After adjustment for individual occupation in model 6, living in an area with a higher neighborhood SEP remained associated with fewer cognitive errors (b ¼ À0.023; P < 0.05) but not with rates of decline. After adjustment for all individuallevel SEP factors in model 7, neighborhood SEP remained associated with fewer baseline cognitive errors but not with rates of decline. Compared with other individual-level SEP factors, educational level alone explained 37.3% and 21.4% of the within-neighborhood and 88.5% and 40% of the between-neighborhood variances in initial cognitive function and rates of decline, respectively, after accounting for sociodemographic characteristics. In model 8, there was a 25% reduction in the beta estimate of neighborhood SEP after adjustment for health conditions (model 7: b ¼ À0.008, P < 0.05 vs. model 8: b ¼ À0.006, P < 0.10) and a 4.3% reduction in the beta estimate of individual-level education after adjusting for health conditions (model 7: b ¼ À0.072, P < 0.05 vs. model 8: b ¼ À0.069, P < 0.05) (see Table 2 ). In comparison with model 1 (naive model), the deviance decreased as more covariates were added in subsequent models. Figure 1 illustrates the growth curves of cognitive errors by percentile of neighborhood SEP, comparing results from model 2 (which included only neighborhood SEP and age) with those from model 4 (which was additionally adjusted for individual-level education and demographic variables). Figure 1A illustrates the significantly steeper slope in cognitive decline across time observed for individuals living in areas with a low neighborhood SEP (fifth percentile) versus those in areas with a high neighborhood SEP (the significant neighborhood SEP-age interaction in model 2). However, adjustment for individual-level education along with demographic factors ( Figure 1B ) caused these differential neighborhood SEP slopes to become more parallel and statistically nonsignificant (model 4). The difference in baseline cognition/intercept for individuals living in neighborhoods with a low neighborhood SEP (fifth percentile) versus a high neighborhood SEP remained statistically significant after adjustment for individual educational level along with demographic factors ( Figure 1B ).
RESULTS
DISCUSSION
Our results showed that a lower neighborhood SEP was associated with poorer baseline cognitive scores, but neighborhood SEP did not appear to directly influence cognitive decline after adjustment for individual-level education or occupation. After adjustment for sociodemographic variables, educational level appeared to be the most influential individual-level SEP factor, as it explained more than 20% of the within-neighborhood variance and 40% of the between-neighborhood variance for slopes of decline. Although between-neighborhood variance in initial cognitive function was explained by neighborhood SEP, individuallevel SEP, and individual-level sociodemographic characteristics, there was significant variance in rates of cognitive decline that remained unexplained, which suggests the presence of other potential mechanisms that were not captured by our model or our neighborhood socioeconomic construct. To the best of our knowledge, the present study is the first to examine whether separate individual-level SEP characteristics influence the association between neighborhood SEP and cognitive decline among Latinos, thereby providing insights on individual socioeconomic characteristics that may link neighborhood SEP and cognitive decline in this population.
Several mechanisms by which neighborhood context may influence cognitive function have been posited. First, individuals living in more disadvantaged neighborhoods are likely to be exposed to a cluster of individual-level risk factors, such as higher rates of unemployment and poverty. Therefore, neighborhood SEP may be operating as a compositional variable, acting as a proxy for individual-level SEP factors. Low individual-level SEP may result in increased exposure to stressors and decreased social and physical resources, which are associated with worse cognitive functioning (11, 13, 24, 25) . Second, more deprived neighborhoods might lack stimulating environments and resources, such as libraries (11, 13, 26) , which indicates that neighborhoods may exert a contextual effect beyond individuallevel risk factors. Wight et al. (11) suggested that being surrounded by a stimulating environment might buffer individual-level disadvantages. Third, health risk factors for cognitive decline, such as stroke, type 2 diabetes mellitus, and functional limitations, are more prevalent in older people residing in low-SEP neighborhoods (1, 11, 13, 27) . Indeed, availability of stores that sell healthy food (28, 29) and the built environment (30, 31) have been implicated as risk factors for cognitive decline through their influence on the health behaviors of neighborhood residents. Taken together, neighborhoods may act through compositional or contextual factors related to physical and mental health, which in turn affect cognitive function.
In our study, adjustment for socioeconomic factors, educational level in particular, eliminated the effect of neighborhood SEP on cognitive decline, which lends support to a possible compositional effect of neighborhood SEP on cognitive function in this study population. A recent study among Mexican Americans participating in the Hispanic Established Populations for Epidemiologic Studies of the Elderly reported an association between neighborhood economic disadvantage and cognitive decline but found no association between neighborhood social disadvantage and cognitive decline (13) . One possible explanation for why our results regarding cognitive decline differed from the Hispanic Established Populations for Epidemiologic Studies of the Elderly pertains to the areas from which study participants were recruited. Whereas the Hispanic Established Populations for Epidemiologic Studies of the Elderly (13) participants were from 5 southwestern states, our study's sampling frame was focused on the Sacramento, California, area. Distributions of neighborhood SEP vary considerably across US metropolitan areas, especially for Hispanics (vs. non-Hispanic whites); indeed, many metropolitan areas in border states exhibit considerably worse neighborhood poverty distributions than does Sacramento or the rest of the United States. (32) . Studies that examine the effects of neighborhood SEP on Hispanics living in other areas of the United States are warranted to assess how these effects may vary by geographic area and neighborhood composition.
Higher neighborhood SEP was consistently associated with better baseline cognitive function, even after adjustment for covariates. Given that Sacramento residents are relatively stable, with an average neighborhood residence of 22 years, it is possible that neighborhood effects are acting earlier in life and are therefore being captured in the baseline effect but not in cognitive decline. Individual educational level explained most of the within-neighborhood and betweenneighborhood variances in initial cognitive function and rates of decline. This provides further evidence that educational level is a unique individual characteristic in its influence on cognitive decline (33) (34) (35) .
We also attempted to examine the extent to which health conditions potentially mediated or confounded the association between neighborhood SEP and baseline cognitive function. Although there was a 25% reduction in the beta estimate of neighborhood SEP after adjustment for health conditions, the adjusted estimate remained in the same direction and the statistical significance was unchanged. This suggests that health conditions were only a partial mediator or confounder of the relation between neighborhood SEP and cognitive function in this study. In addition, adjustment for health conditions only slightly attenuated the relation between individual educational level and cognitive function, which indicates that health conditions are unlikely to be substantial mediators or confounders of the relation between individual educational level and cognitive function in our study population. It is possible that there are other potential factors that account for the relation between neighborhood SEP and cognition that were not measured in this study, such as the level of cognitive stimulation in the neighborhood, access to recreational activities, levels of physical activity, and access to clinics and medical facilities.
Latinos in the United States face substantial discrimination in housing markets, which may shape selectivity into neighborhoods. For example, experimentally designed studies confirm that Latinos experience worse outcomes from housing transactions than do whites 20%-25% of the time (36) . Similar to blacks, Hispanics experience discrimination on the basis of ethnicity, social class, and language (36, 37) . Neighborhood SEP may be capturing some of the impact of structural discrimination in the housing market if Latinos are denied access to housing in better-quality neighborhoods and end up living in more-deprived neighborhoods as a result (38) . Moreover, the interpersonal effects of perceived discrimination as a psychosocial stressor could be affecting the health of Latinos and could account for some of the unexplained variance in cognitive function or decline (37) , given that our sample participants may have been exposed to discrimination throughout their residency in the United States.
There are some limitations in this study. Given the age structure of our cohort, it is possible that individual-level SEP factors, educational level in particular, may be acting as confounders for those who moved into neighborhoods after their education was completed. However, our study participants have resided in their neighborhoods for an average of 22 years, and therefore self-selection into the neighborhood as a result of individual educational level is unlikely to account fully for the associations observed here. Cognitive function is a process that likely unfolds across the life course. Thus, analyzing cognitive decline later in life may be a proxy for socioeconomic processes that begin earlier in life (even earlier than educational attainment) and were not measured here (39) . We used census tracts to operationalize neighborhood geography, and these areas may not reflect subjective assessments of neighborhoods by the participants. Nonetheless, several studies have shown that census tracts provide useful approximations of other, smaller geographic units (40, 41) . Of note, a factor analysis of the neighborhoodlevel SEP indicator showed a Cronbach's alpha of 0.88, which suggests that our neighborhood construct had good internal consistency and reliability. Other dimensions of the neighborhood social environment may also be important, such as crime or the built environment (27) , but we did not have data on those factors in this study. As with any longitudinal study, our study population was subject to attrition. To explore this concern, we compared participants who were assessed only at baseline with those who were also assessed at later follow-ups. Those who were interviewed only at baseline were more likely to show a lower neighborhood SEP score, a worse SEP profile, and worse baseline cognitive function than those remaining in the cohort. Consequently, the observed associations are likely an attenuation of what they would have been if there had been no loss to follow-up of the subjects with lower neighborhood SEP and poorer cognitive function at baseline.
In conclusion, findings from the present study provide insight into individual-level socioeconomic pathways that might link neighborhood context and cognitive decline among Latinos. Our results provide evidence of an influence of neighborhood SEP on initial cognitive function but not rates of decline after adjustment for individual educational level. These findings have public-health relevance given the growing Hispanic aging population in the United States. Future research is needed to identify other potential mediating factors on the pathway between neighborhoods and cognition among Latinos over the life course. For example, stimulating neighborhood environments, access to recreation/physical activity, and access to clinics and medical facilities might act as potential mediators of the relation between neighborhood SEP and cognition and therefore could serve as targets for intervention. Additional research is needed to assess whether the findings presented here are similar to those in other US geographic areas and with varying neighborhood compositions in diverse racial/ethnic populations.
